For high temperature (T C ) superconductors the formation at low temperature of a condensate, where electrons are paired together to carry the superconducting current, is not disputed. However, the origin of the interaction to cause such pairing is. More than twenty years of research in cuprate superconductors has brought about no consensus, and so the recent discovery of a new group of iron based high temperature superconductors has opened up many new opportunities [1][2][3] [4] . Magnetic spin fluctuations is one candidate to produce the (Fig. 1c) . Since the superconductivity and commensurate SDW ordering exist in close vicinity [1][2][3] [4] , spin excitations from the SDW order have been proposed as the bosonic "glue" producing high T C superconductivity in these ferrous materials 7, 8, 18 .
absent as shown more recently in the α-phase of Fe(Se,Te) [10] [11] [12] . The electronic states near the Fermi surface are dominantly determined by the five d-orbitals of Fe in a distorted tetrahedron environment 13, [18] [19] [20] , and the prominent nesting feature of the quasi-two-dimensional Fermi surfaces results in the commensurate SDW ordering for the parent compounds 7, 8 (Fig. 1c) . Since the superconductivity and commensurate SDW ordering exist in close vicinity [1] [2] [3] [4] , spin excitations from the SDW order have been proposed as the bosonic "glue" producing high T C superconductivity in these ferrous materials 7, 8, 18 .
The nesting cylinder-like electron and hole Fermi surfaces, separating by (π,0) within the Fe square sublattice of the parent compounds, lose the nesting condition when adding electrons or holes to the systems 9 since such alterations would increase the size of the electron Fermi surface while reducing the size of the hole Fermi surface. This expectation is realised in systematic doping [21] [22] [23] [24] and pressure studies 25 , which show the destruction of the SDW order well before the optimal superconducting state is established. The commensurate SDW order with the same in-plane magnetic propagation vector (π,0) has also been predicted for α-FeTe in a recent bandstructure theoretic study 13 . However, what we observed directly in neutron scattering experiments is an incommensurate antiferromagnetic order with the in-plane propagation vector (δπ, δπ) along the diagonal direction of the Fe square sublattice (Fig. 1b) . Additionally, such an incommensurate magnetic order is robust and survives as short-range correlations in the sample even at the optimized T C .
The binary iron-chalcogen systems exist over the whole composition range, but single phase material in the tetragonal PbO structure exists only in a narrow composition range 26 Similar results have also been reported for the nominal z = 1 series 12 .
The crystal structure of Fe(Te 1−x Se x ) z with excess Fe is shown in Fig. 1a . The tetragonal structure is well described by the P 4/nmm space group ( Te is metallic at low temperatures despite both possessing the same P 4/nmm tetragonal structure at room temperature, as shown in Fig. 2a and c.
The Fe 1.141 Te distorts to a P mmn orthorhombic structure below the transition, as a result of an expansion of one of the in-plane axis and a contraction of the another. This results in the splitting of the (h0k) Bragg peaks of the high-temperature structure (see Fig. 2b ). This orthorhombic distortion is different from that observed for the FeAs-based materials in either the ZrCuSiAs or ThCr 2 Si 2 structure which doubles the in-plane unit cell 5, 6 . The distortion of the Fe 1.076 Te is monoclinic, (Fig. 2d) . In addition to the expansion and contraction of the in-plane lattice parameters, the c-axis rotates towards the a-axis. Thus, the monoclinic distortion not only splits the (200) Bragg peaks but also the (112) peak. Refined structure parameters for all compounds are listed in Table 1 in Supplementary Information.
The additional magnetic Bragg reflections in the 8K spectrum of Fe 1.141 Te (Fig. 2b Information). Using the polarized neutron scattering, we determined that both the linear and spiral components are present in our sample and that the magnetic structure is defined by:
where R is the position of the Fe in the lattice, M = 0.76(2)µ B per Fe, w = 2.17(6),â is the unit vector of the a-axis, ψ is an arbitrary phase between the spiral and the sinusoid components, and φ R = 0 for the Fe(1) sites and 112 (7) o for the Fe(2) sites. The modulus of the magnetic moment evidenced by an anomaly in resistivity ( Fig. S1 ) and magnetic susceptibility at T S 11 . In Fig. 3c and d, the temperature dependence of the lattice parameters is shown. At the phase transition, the lattice contracts in the b-axis, along which the magnetic moments are parallel to each other, and it expands in the a and c-axis, which are the directions of the antiferromagnetic alignment. This is consistent with previously observed magnetostriction pattern in NdFeAsO 28 and BaFe 2 As 2 6 , and can be understood when the magnetism originates from multiple orbitals 29 . Once again, there exists strong coupling between the lattice and magnetic degrees of freedom. The details of structure evolution as a function of temperature are shown in Fig. S3 in Supplementary Information.
The incommensurate magnetic wave vector can be tuned by varying the sample composition. For Fe 1.165(3) Te in the same orthorhombic structure, the incommensurability has been greatly affected and measured at δ = 0.346, despite no appreciable differences with either the moment or the phase φ R compared to the values for Fe 1.141(3) Te, see Table 1 in Supplementary Information. . There is neither long-range magnetic order nor structural transition in this sample, though we observed pronounced short-range magnetic correlations at the incom-mensurate wave-vector (0.438, 0, 1/2) (Fig. 4) . The half-width-at-the-half-maximum of 0.25Å
indicates a magnetic correlation length of 4.0Å, which equates approximately to two nearestneighbour Fe spacings. The concave shape of the peak intensity as a function of temperature in the inset (b) indicates the expected diffusive nature for the short-range magnetic correlations, in contrast to the convex functional form for long-range magnetic order ( Fig. 3a and b) . This is very different from the case of the commensurate SDW which is completely suppressed in the optimal T C samples 5, 21, 22, 24 .
To summarize, the α-iron-chalcogen in the PbO structure shares the same fundamental structural building block and nesting electronic band structure 13 sample of Fe 1.14 Te was grown using a flux method and shows the similar behavior in the resistivity and magnetization measurements to those obtained for the polycrystalline samples.
Temperature-dependent magnetic Bragg diffraction on polycrystalline samples was measured using the cold neutron triple-axis spectrometer SPINS, and using the single-crystal sample at thermal neutron triple-axis spectrometer BT9 at the NIST Center for Neutron Research (NCNR).
The high resolution powder diffraction spectra for refinements were measured using BT1, and the 
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Resistivity of the α-FeTe. We successfully synthesize α-FeTe x in the PbO structure for nominal
x from 0.78 to 1.20 using solid state reaction. The resistivity of these parent compounds was measured using the standard four-probes method, and is shown in Fig. S1 . Two distinct types of resistivity curves have been observed: the y = 0.78 and 0.82 samples remains semiconductors below the phase-transition at T S ∼63 K, while the y ≥ 0.90 samples experience a first-order metalinsulator transition at T S ∼75 K. Therefore, there are two different low-temperature phases for the α-FeTe, although the materials share the same tetragonal PbO structure above the phase transition. the triple-axis spectrometer BT9, using E i = E f = 14.7 meV, to search for magnetic Bragg peaks in the (hhl) and (h0l) scattering plane. Incommensurate magnetic peaks (±δ, 0, n/2), n=1,3,5,7,9;
(2 − δ, 0, n/2), n=1,3,5; (2 + δ, 0, n/2), n=1,3; (1 ± δ, 0, n/2), n=1,3; δ = 0.38 were observed at 1.6 K. Therefore the magnetic wave-vector is q = (±δ, 0, 1/2).
The integrated intensity show little angular dependence in the (h0l) plane, suggesting a linear sinusoid magnetic order with the moment perpendicular to the plane, i.e.,
its equivalent spiral magnetic order with the moment rotating in the plane,
or their linear combinations. Note that there is a relation between the neutron scattering crosssections of the model S1 and S2
therefore, the two models cannot be distinguished in an unpolarized neutron experiment. On the other hand, σ S1 = σ bb and σ S2 is the ac-plane partial cross-section. Thus, they can be readily separated in a polarized neutron measurement of, e.g., the (δ, 0, 1/2) magnetic Bragg peak.
The model S1 or S2 is confirmed by independent Rietveld refinement of the 8 K powder diffraction spectrum using the Fullprof program. Furthermore, the phase φ R are determined in the refinement. Allowing different moment sizes for Fe(1) and Fe(2) does not significantly improve the fitting. Therefore, the same moment size for each iron was used in the final combined structural and magnetic refinement of the low temperature powder spectra and two examples are shown in Fig. 2b and d . Results using the model S1 are listed in the Table 1 .
To determine the contributions of σ S1 and σ S2 to magnetic neutron scattering, polarized neutron scattering experiments were performed at Asterix. A single-crystal sample was aligned in the (h0l) Using Eq. (S3),
This is the constant w ≡ M l /M s in Eq.
(1). The M in Eq.
(1) relates to the magnetic moment M listed in Table 1 using only the S1 component by
s . In other words, the final result for the incommensurate magnetic structure in Eq.
(1) is a summation of model S1 and S2 with the weight w : 1. The projection onto the ab plane is the S1 component, and onto the ac plane the S2 component, see Refined structure parameters of Fe 1+y (Te 1−x Se x ). The crystal structure is refined using the GSAS program. The combined magnetic and crystal structure refinements were performed using the Fullprof suite of programs. The structure parameters at selected temperatures are listed in Table 1 .
Detailed temperature evolution of the structure was investigated for the two representative 
